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What is claim d is: 

1. A nonvolatile semiconductor m^moxy device 

comprising a plurality of memory elements formed in the 

/ 

vicinity of the surface of a substrate, a plurality of 
word lines for driving the memory elements, and a 

plurality of bit lines, / 

/ 

each of said plurality ,of memory elements 

/ 

including: j 

a semiconductor channel forming region formed 
in the vicinity of the surf ace/ of the substrate, 

a source region in contact with the channel 
forming region in the vicini1:y of the surface of the 
substrate. 



a drain region in contact with the channel 
15 forming region at a position facing the source region in 

the vicinity of the surface of the substrate, 

/ 

a gate insulating film including a tunnel 
insulating film formed on the channel forming region, 

a conductive /gate electrode formed on the gate 

20 insulating film, and / 

a charge stbring means which is provided in the 
tunnel insulating film and in the gate insulating film 
and is planarly dispersed to the other neighbor charge 
storing means in the gate insulating film; 

25 a gate electrode of the plurality of memory 
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elements being respectively connect d to the 
word lines; 

a gate Insulating film formed the 
semiconductor channel forming region and comprising a 
5 Fowler- Nor dhelm (FN) type tunneling ^ilm which has a FN 
type tunneling electroconductlvlty and contains material 
having a dielectric constant greater than that of silicon 
oxide ; 

a gate electrode formed on the gate Insulating 

10 film; and 

a charge storlng^means , formed In the gate 
Insulating film, and facing to the surface of the channel 
forming region. 

2. A nonvolatile semiconductor memory device 

15 according to claim 1 /wherein the FN tunneling film 

/ 

comprises any one o± a nitride film, an oxynltrlde film, 

and aluminum oxld^^fllm, a tantalum pentaoxlde film and a 

/ 

BST (BaSrTlOa) ^llm, having an FN tunneling 
electroconductlvlty . 
20 3. A nonvolatile semiconductor memory device 

according t/^ claim 1, wherein the gate Insulating film 
Includes ^buffer layer formed between the FN tunneling 
film and/the channel forming r glon and suppressing an 
Interfd^e trap level - 
25 /.A nonvolatile semiconductor memory device 
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15 



20 



according to claim 1, wh rein the gate^tnsulatlng f llm 
comprises a Pool-Frenkel (PF) type.film Including any one 
of a nitride film, an oxynltrlde film, and aluminum oxide 
film, a tantalum pent aoxld^, film and a BST (BaSrTlO,) 
film, having ^ FN type,.4lectrooonduotlvlty. 

5. A nonvolatile semiconductor memory device 

according to claim 4, wherein the gate insulating film 

/ 

includes a butfer layer formed between the FN tunneling 
film, and^^ FN film. 



25 



6. A nonvolatile semiconductor memory device 
according to claim 1, furtheBf comprising: 

a pull-up electrode in the vicinity of the gate 
electrode or a wiring layef connected to the gate 
electrode, via a dleleotAc film; and 

a pull-up gatjfe bias meeuis for applying a 
voltage to the pull-u/ electrode. 

7. A nonvolaltlle semiconductor memory device 
according to claim ib, wherein 

a plura/lty of gate electrode5of the plurality 
of memory transactors are connected to a plurality of 
word lines, 

a fleeted transistor is connected between the 
pull-up gat/ bias m ans and th pull-up electrode, said 
pull-up ga^e bias means supplying a voltage having a 
polarityJ^Lie'^to a polarity of a boosting voltage for 
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boosting the precnarged word line by a capacitance 
coupling . 

8. A nonvolatile semiconductor memory device 
according to/olalm 6, wherein the pull-up electrode Is 
arranged ±d the vicinity of an upper portion of the gate 
electrode/or a connection layer connected to the gate 
electrode, via the d ielectric film. 



9. A nonvolatile semiconductor memory d^lce 

according to claim 1, wherein each memory trdiislstor 

comprises a source region contracted to th^ channel 

/ 

forming region, and a drain region spaced^ to the source 
region and contacted to the channel foxing region, 

wherein a plurality of gate/electrodes of the 
plurality of memory transistors are ^connected to a 
plurality of word lines, 

wherein the source rea£on and drain region of 



each memory transistor are connected to a common line In 
a bit direction, electrlcallyf Insulated to and 

/ 

Intersecting -te* the word line, and 

wherein said nonvolatile semiconductor memory 

/ 

device further comprises 

a write Inhibit voltage supply means for 
supplying a reverse^ biased voltage to the source region 
and/or the drain iteglon of the memory transistor the gate 
electrode of wlytch Is connected to the word line selected 
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at a writing, through the common line, to make the source 
region and/or the drain TBg±on^^^^ reverse -biased state 
to the channel forming region, and 

a non- selected word line blading means for 
supplying a voltage to a non- selected word line at the 
writing, a polarity of the voltage being a polarity 
making th^^on- selected word line in a reverse biased 
-State. J^ _the , channel. ,fprmlng region . - _ _ 

10. A nonvolatile semiconductc^ memory device 
according to claim 9, wherein the i^ite inhibit voltage 
supply means supplies the reverse /bias voltage to the 
source region and/or the drain xfeglon to make a bia s - a — 
voltage of the memory transis-bDr connected to the 
selected word line to there^ prevent an erroneous write 
and/or an erroneous erase./ 

11. A nonvolatile yemlconductor memory device 
according to claim 9, vftiereln the non- selected word line 
biasing means supplies a voltage having a polarity for 
reverse -biasing to^:he non-selected word line to make a 
bias -^voltage the memory transistor connected to the 
non- selected w^d line to thereby prevent an erroneous 
write an€L/ojy SLii erroneous erase. 

12 . A nonvolatile semiconductor memory devic 
accordi^ to claim 9, wh rein the non-selected word line 
biasing means a biases the gate electrode to the source 
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region sp^ that a voltage of th gate electrode becomes a 
low lev&l equal or lower than an Inhibit gate voltage. 

13. \ nonvolatile semiconductor memory device 
according t<X claim 9, wherein when the reverse bias 
voltage is supblled to the channel forming region while 
the gate electroi^e and the channel forming region of the 
memory transistor ^re kept at a same potential level, 
depletion layers expend from the source region and drain 
region to the channelVf orming region to merge them. 

14 . A nonvolatileXsemiconmictor memory device 



according to claim 9, wherei; 



memory transistor is shorted 
when the reverse bias voltaig 
electrode and the channel f 
same potential level, mer 



te length of the 
than ei gate length given by, 
pplied while the gate 
kept at a 
}^d d^epletion layers extended 

to the 



: imd.ng^'eglon 



Lin region 
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from the source region and laie dr 
channel forming region. 

15. A nonvolatile semicondu5>tbi^ memory device 
according to claim 1, wherein each raem<Dry transistor 
comprises a source region contacted to tlie channel 
forming region , and a drain region spaced \o the source 
region and contacted to the channel forming Vegion , 

and wherein said nonvolatile semiconductor 
memory device comprises 

a source line commonly connecting the ^urality 
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of souJ^ce regions of the plurality of memory transistors 
In a blt\ direction, 

.a bit line commonly connecting the plurality of 
drain regions of the plurality of memory transistors In 
the bit direction, and 

a word line commonly connecting the plurality 
of gate electrodes of the plurality of memory transistors 
In a word dlrectj 

16, A nonvolatile ;Ef^mlconductor memory device 
according to claim 1\ .jfrhere^n each memory transistor 



contacted to the channel 

spaced to the source 
forming region, 
nonvola/tlle semiconductor 



comprises a source rej 
forming region, and a| 
region and contacted 

and wherein 
memory device comprised 

sub source Idl^ies cpf^only connecting the 
plurality of source regjx^ns of '^he plurality of memory 
transistors In a bit direction, 

a main source line commo^jly connecting the sub 
source lines In the bit direction, 

sub bit lines commonly connoting the plurality 
of drain regions of the plurality of meiikory transistors 
In th bit direction, 

a main bit line commonly connectll^g the sub bit 
line In the bit direction, and 
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word im commonly connecting the plurality 
of gate eleistrodes of the plurality of memory transistors 

In a word dlrteotlon, 

a selected memory transistor being connected 
between the sub \>urce line and the main source line and 
between the sub blNs line and the main bit line. 

17. A nonvola^le sem^,^Wliotor memory device 
according to claim 1. VAerfeln thfe plurality of memory 
transistors are connect 
selected transistor com 
selected transistor conn 

18. A nonvolatile 
according to claim 1, wl 
comprises a source reglo 



:les between a first 
:o a bit line and a second 
cion potential line, 
smory device 



^ry transistor 
" the channel 



forming region, and a draltn re^iA^paced to the source 
region and contacted to tuT^hannel forming region. 

wherein said nonvolatile seJik^conductor memory 

device comprises 

a plurality of element separati>m regions for 
isolating the respective memory transistorsN^ 
insulation, 

a common line commonly connecting the >^uroe 
regions or the drain regions in a bit direction. 

a word line connecting the plurality of ga\^e 
electrodes in a word direction. 
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V wherein the plurality of element separation 
regions ^are formed as lines along the bit direction and 
spaced. ea%h other, and 

4 \ 

mierein the common line intersects and is 
electrically isolated to the word line, is connected to 
one of the source region or the drain region, and is 
wired on the elen^nt separation regions by avoiding a 
wiring passing on Another region of the source region or 
the drain region whibh is not coj;me^ted to the common 
line, \ y/ j 

19 . A nonvolatile s^erndponducto memory device 
according to claim 18, wheyLin thef plurality of element 
separation regions are foriBDM as parallelN strips having a 
width approximately equal tlo that of the iword line, 
adjacent strips being spacefl as ^djacen^ word lines, 

wherein a self -aligned cMftact hole is formed 
on the source region and the^Ur^n region by using a 
sidewall insulation layer formed on si<iewalls of the word 
line, and \ 

wherein the common line wired oirv the element 
separation regions is commonly connected to T:he one 
region through the self -aligned contact hole abd is wired 
by a winding manner in the bit direction, \ 

20. A nonvolatile semiconductor memory devi^ 
according to claim 1, wherein the charge storing means 
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does not have conductivity as a whole facing to the 
channel forming region when charges are not moved to the 
outsxde of the memory transistor. 

21s. A nonvolatile semiconductor memory device 
accordlngVto claim 20, wherein the gate Insulating film 
comprises \ 

a minnellng Insulating film formed on the 
channel forming: region^ ahd 

a nltriyde film far an oxide nitride film, formed 
on the tunneling ln£ulati.ng film. 

22. A nonvola tiJle/^,@mli:2pnductor memory device 
according to claim 20,\whereln the gate Insulating film 
comprises u \ / 

a tunneling lnsu\atl: 
channel forming reglcm, and^)^ 

conductors Int^ludlng >6mall sized conductive 

material, formed on the tunnellngv Insulating film as the 

charge storing means and Isolated, ekch other. 

I\ \ 

23. A process of producing a nonvolatile 
semiconductor memory device. Including \he steps of: 

forming a drain region, a source^ region and a 
channel forming region arranged between the ^draln region 
and the source region and contacted to them; \ 

forming a gate Insulating film Includl^a a 
charge storing mean^s formed on and facing the surfVce of 



film formed on the 
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atmosj&bere of reduction gas and/or 



the channel forming r glon; and 

\ forming a gate electrode on the gate Insulating 

fllm^v 

\ said gate Insulating film formation step 
including a step of forming a Fowler-Nordhelm (FN) type 
tunnellng\llm comprising material having an FN tunneling 
electrooondi^tlvlty and having a dielectric constant 
larger than ttt^t of silicon oxide, and 

said i^N tunneling 1 film forming step Including a 
step of heating t\e F|i tunneling film at a high 
temperature under 
oxidation gas. 

lonvolatile 
according to claim 23 , 

nprises any one of a 
nitride film, an oxynlJrtd^fs|.lm. and aluminum oxide 
film, a tantalum pentaoxide f lik and a BST (BaSrTlO,) 
film, having an FN tunneling eledtrooonductlvlty . 

25. A process of producing aVonvolatile 
semiconductor memory device according to claim 23. 
further Including a step of forming a \uf f er layer formed 
between the FN tunneling film and the ch^nel forming 
region and suppressing an interface trap l^el. before 
forming the FN tunneling film. 

26. A process of producing a nonvolatil* 



24. A process ' 
semiconductor memory 
wherein the FN tunnel 
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^temloonductor memory device according to claim 23, 
fu^her Including a step of forming a Pool-Frenkel (PF) 
type film Including any one of a nitride film, an 
oxynitrike film, and aluminum oxide film, a tantalum 
pentaoxldAfllm and a BST (BaSrTlO,) film, having an PF 
electrocondudtlvlty, on the FN tunneling film. 

27 . A process of producing a nonvolatile 
semiconductor memory devljde a^cscordlng to claim 25, 
further Including aVteJ of 4oim^ng a PN film on the FN 



tunneling film via the 
comprising any one of e. 
an aluminum oxide film 



bafffr layer, said PN film 



\ 



an oxynltrlde film. 



itaoxlde film and a 



BST (BaSrTlOg) film, ha-*J.ng tfv^F 

28. A method of wAltlng da*& Into a nonvolatile 
semiconductor memory dev^oe^X^la\nonvolatlle 
semiconductor memory device comprising: Pa substrate; 

a plurality of memory transistors formed In the 
substrate and arranged In a word direction and a bit 
direction; a pull-up electrode, each memdinr transistor 
including: a semiconductor channel forming N^egion formed 
in the substrate; a gate Insulating film fo] 
semiconductor channel forming region and compr:^slng a 
Fowler-Nordheim (FN) type tunneling film which h^ a FN 
type tunneling electroconduotivlty and contains ma\^rial 
having a dielectric constant gr ater than that of silicon 



on the 
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03K±d ; a gate electrode formed on the gate insulating 
fllmKand a charge storing means, formed in the gate 
insulat^g film, and facing to the surface of the channel 
forming reW>n, said pull-up electrode in the vicinity of 
the gate elecWode or a wiring layer connected to the 
gate electrode a dieleotei^o film, 

said writ\ng Aethod iAoluding a step of 

B pull-yup electrode to raise a 



applying a voltage to x;t 
potential of the gate en 

29. A method of wrtLtin 
semiconductor memoiry device 



data iAto a nonvolatile 

Ludirfg a step ^of applying 



a program voltage equal 6t lower tl 



30- A method of writing data into ^ 

e, wherein the 
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lOV, to a gate 

electrode of the selected* memprf tran^stor. 

nonvolatile 

semiconductor memory devic^~wherdin the pO^l-up 
electrode is capaoitive- coupled to the gate e'iectrode or 
the wiring layer connected to the gate electrodeVyVia the 
dielectric film. 

31. A process of producing a nonvolatile 
semiconductor^Tft^ory device according to claim 28, 
wherein the FN tunneiramgf ilm comprises any one of a 
nitride film, an oxynitride">3:i«i^nd aluminum oxide 
film, a tantalum pentaoxide film and><RST (BaSrTiOa) 
film, having an FN tunneling eleotroconductivirfcy^^^^ 

32. Am thod of writing data into a nonvolatile 



3em±conduotor memory device according to claim 28, 
wn^rein the gate insulating film includes a buffer layer 

between the FN tunneling film and the channel 
forming^ region and suppressing an interface trap level. 

33. \a method of writing dat^into a nonvolatile 
semiconductbr memory device according to claim 28, 
wherein the g^te insulating film comprises a Pool-Frenkel 
(PF) type film \ncluding,.^«iy one of a nitride film, an 
oxynitride film, \n€L a^luminuii oxide film, a tantalum 
pentaoxide film and^ 4 BST (^aSrTiOa) film, having an PF 
electroconduct ivity , 

34. A method of^ 
semiconductor memory 
wherein the gate insul^ 
formed between the FN 

35. A method of m 
semiconductor memory device 
including the steps of: 

supplying a reverse-biased Voltage to the 
source region and/or the drain region <}f the memory 
transistor the gate electrode of which i^connected to 
the word line selected at a writing, through, the common 
lin , to mak the source region and/or the drain region 
in a reverse -biased state to the channel formingX region, 
and 



into a nonvolatile 
\g to claim 33, 
eludes a buffer layer 
[im and the PN film, 
ita into a nonvolatile 
hiding to claim 28, 



voltage of the memory/ 
selected word line to t;] 



ipplying a voltage to a non- selected word line at the 
wrist ing, a polarity of the voltage being a polarity 
makirtg the non-selected word line in a reverse-biased 
state tto the channel forming region. 

36. \a method of writing data into a nonvolatile 
semiconductor memory device according to claim 35, 
including a s\ep of supplying the reverse-bias voltage to 
the source regid^ and/or /£he^rain region to make a bias 

transistor connected to the 
lerebw prevent an erroneous write 
and/ or an erroneous e^^e. 

37. A method of ^iafiting datainto a nonvolatile 
semiconductor memory dewLcfe according io claim 35, 
including a step of supilyink a volt^e having a polarity 
for reverse -biasing to ttte nonAs^iTected word line to make 
a bias -a^ volt age of the iSemory tri^nsistor connected to 
the non- selected word line to there^ prevent an 
erroneous write and/or an erroneous erlase. 

38. A method of writing data into \ nonvolatile 
semiconductor memory device according to ci^im 35, 
including a step of biasing the gate electrod^ to the 
source region so that a voltage of the gate 
becomes a low level equal or lower than an inhibils^gate 
voltage. 

39. A method of writing data into a nonvolatile 



^mloonduotor memory device according to claim 35, 
wherein when the reverse bias voltage Is supplied to the 
channel forming region, the gate electrode and the 
channelNf ormlng region of the memory transistor are 
applied byva same voltage. 

40. A method of writing data Into a nonvolatile 
semiconductor memory device, wherein the reverse bias 
voltage Is applleq. to the fir6uisce region via a source line 



commonly connecting \the /afource 



regions In the bit 



aln region via a bit line 
rain /regions In the bit 



direction, and/or, thi 
commonly connecting the 
direction, and 

wherein the vdiltag^havlng a| polarity for 
reverse -biasing Is applied via \he wopd line commonly 
connecting the gate electrodes InXtlie word direction. 

41. A method of writing djAsi \nto a nonvolatile 
semiconductor memory device according Nto claim 28, 
wherein each memory transistor comprlsesv a source region 
contacted to the channel forming region, and a drain 
region spaced to the source region and contacted to the 
channel forming region, 

and wherein said nonvolatile semlcondii^tor 
memory device comprises 

a source line commonly connecting th plui^allty 
of source regions of the plurality of m mory transistors 
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a bit direction, 

a bit line commonly connecting the plurality of 
dralii regions of the plurality of memory transistors In 
the bl\ direction, and 

a word line commonly connecting the plurality 
of gate elcsctrodes of the plurality of memory transistors 
In a word dli^ectlon. 

data Into a nonvolatile 
/according to claim 28, 
:or comprises a source region 
>rmlng region, and a drain 
jsgion and contacted to the 



fltli 



ievlce 



ranslsi 



42. A method of w^ 
semiconductor men^ory 
10 wherein each memos 
contacted to the 
region spaced to th4 
channel forming reg: 

and wherelhl said Nionvolat jfle semiconductor 
15 memory device comprises 

sub source ^Ines coQuSpnly connecting the 
plurality of source— ^egl^ns of tn*^ plurality of memory 
transistors In a bit direction, 

a main source line commonly Xconnectln? the sub 
20 source lines In the bit direction, 

sub bit lines commonly connecting the plurality 
of drain regions of the plurality of memory is^anslstors 
In th bit direction, 

a main bit line commonly conn ctlng th^sub bit 
25 line In the bit direction, and 



a word line commonly gonn cting the plurality 
of gate ^Bleotrodes of the plurality of memory transistors 
in a wordXdireotion, 

eft selected memory transistor^ being connected 
between the sub source and the main source line and 
between the sub bit line and the main bit line. 

43, A method of writing data into a nonvolatile 

semiconductor memory dev^/^ according to claim 28, 

/I 

wherein the plurality memorly transistors are connected 

St selected transistor connected 
cond sheeted transistor connected 
ine. 



in series between a^ 
to a bit line and a 
to a common potential 
44. A method of 
semiconductor memory 



wr\iting data into a nonvolatile 
l^viffie according/to claim 28, 



wherein each memory transij^or composes a source region 
contacted to the chani^^l f orJk^ing/^egion, and a drain 
region spaced to the source^affi^ion and contacted to the 
channel forming region, 

wherein said nonvolatile semiconductor memory 
device comprises 

a plurality of element sepaf^tion regions for 
isolating the respective memory transistors by 
insulation, 

a common line commonly connecting\the source 
regions or the drain regions in a bit direction, and 



\\ a word line connecting the plurality of gate 
electrodes in a word direction, 

\ wherein the plurality of element separation 
regions are formed as lines along the bit direction and 
spaced^ iOther , and 

wheVeln the common line Intersects and is 
electrically Istplated to the word line, is connected to 
one of the sourc>^ region 9a^'"^e drain region, and is 
wired on the element sbpykraticdfi regions by avoiding a 
wiring passing on ahotfi|^r region of the source region or 
the drain region whid^/is ngTt connected to the common 
line. 



wherein the plurality 
formed as parallel str 



45. A method of iffr\ting data intp a nonvolatile 
semiconductor memory davicV according/ to claim 44, 

>f elekient separation regions are 
:d.ps hav^pg a width approximately 
equal to that of the ^j/fford^ine, \ad3acent strips being 
spaced as adjacent word lines, 

wherein a self -aligned coiitact hole is formed 
on the source region and the drain region by using a 
sidewall insulation layer formed on sid\walls of the word 
line , and 

wherein the common line wired on )^he element 
separation regions is commonly connected to the one 
region through the self -aligned contact hole aim is wired 



bV a manner ±n the bit direction. 

\ 46. A metliod of writing data Into a nonvolatile 
semiconductor memory device according to claim 28, 
wherelnVthe charge storing means does not have 
conductlvXty as a whole facing to the channel forming 
region whenNsOharges are not moved to the outside of the 
memory transistor. 

47. A method of writing data Into a nonvolatile 
semiconductor memo^ry device according to claim 46, 
wherein the gate liiisula/tlng film comprises 

a tunneling. Ilnsulgftlng film formed on the 
channel forming regloi \ ar 

a nitride f ilm\di»--an^xlde nitride film, formed 
on the tunneling Insu^latln^ film. 

writing djafta Into a nonvolatile 
svlc^^cJoordlng to claim 46, 
wherein the gate Insuir^lng film comprises 

a tunneling Insulating \±±m formed on the 
channel forming region, and 

conductors Including small ^Ized conductive 
material, formed on the tunneling InsuJ^tlng film as the 
charge storing means and Isolated each o^er 

4 \ 

49 . Am thod of writing data Into a nonvolatile 
semiconductor m mory device according to claim 28, 
wherein a program voltage Is applied to the gVte 



48. A method of 
semiconductor memory 
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electrode , and 

\ a voltage is applied to the pull-up electrode 

of tnte selected memory transistor. 

50\ A method of writing data into a nonvolatile 
semiconduoMtor memory device according to claim 35, 
wherein a voltage having a polarity for reverse-biasing 
is applied toNthe non-jseii^ted word line, 

the re^erse-fcaasing voltage is applied to the 
source region and/cu: ^he drain region of the memory 
transistor connect edXtfo the s^Qected word line, 

a program /vcf^tage %a''''Spplied"t&vthe selected 
word line, and 

a voltage 
51. A method 4fj 
semiconductor memoryl 
wherein a selected m 

word line and, \ 

a selected memory transistot connected to a 
selected word line is controlled in a ndJi- conductive 
state when the voltage is applied to the mill-up 
electrode . \ 



pull/up electrode, 
a nonvolatile 
g to claim 50, 
or is connected to the 



